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New ProtocolsNew Protocols

Purpose Purpose –– Marker Exchange Deletion MutagenesisMarker Exchange Deletion MutagenesisPurpose Purpose -- Transposon MutagenesisTransposon Mutagenesis

MutationsMutations

• To expand the random transposon mutant library in Desulfovibrio vulgaris Hildenborough.
• To use wild type D. vulgaris Hildenborough containing the megaplasmid for the mutagenesis.
• To expedite the identification of the transposon insertion site.

Table 1.  Genes disrupted by the transposon, sequence adjacent to the interruption, and operon information. 

Transposon Mutagenesis Update and Marker Transposon Mutagenesis Update and Marker 
Exchange Deletion Mutants of NaExchange Deletion Mutants of Na++/H/H++ AntiportersAntiporters

• Since the JW375 strain used as the parental strain for the first transposon mutants lacked the 
megaplasmid, the wild type D. vulgaris Hildenborough is now being used as the parental strain.

• Gentamicin replaced nalidixic acid to select against the E. coli donor in the conjugation.
• Two new transposon integration site identification methods were developed:

1. Random primer nested PCR.
2. Direct genomic sequencing.

MutationsMutations

• To create mutants in Desulfovibrio vulgaris Hildenborough which lack a specific gene.
• To create mutants in the Na+/H+ antiporter genes.
• To determine the roll each Na+/H+ antiporter has in Na+ homeostasis.

Mutant 
JW# VIMSS# Parental 

Strain
Gene 

interupted Description Interuption site Flanking sequence Misc.

7001 207681 JW375 xerD phage site-specific recombinase 657-658 GAGGAGTTCGTTTTCACCAAG  GCGTCGGGTGAGGGGATGCG monocistronic
7006 206336 JW375 Fe-S cluster binding protein 1159-1160 TGCGTGCCGGACTGCTTGACG  TGGACGGGCGTTTCATCCAA 1st gene of 4
7007 208064 JW375 hypothetical transcriptional regulator for lysine biosynthesis 115-116 ATGAGGCTGCCAAGGCTGCAG  GTATCTCGCGTTCCAACGCC 1st gene of 2
7011 206950 JW375 terminase, small subunit 447-448 ACCGGGAAAAGAATAAGCAG  GGCTTCGCAGCCCTCGGGTA 5th gene of 8 in phage operon
7013 206620 JW375 hypothetical sulfur transfer protein involved in thiamine biosynthesis 195 bp after TGCCGGTGGGGTAGGCTCTC  TTGTAGGGCGTGCCGCGGGC 3 gene operon
7015 208656 JW375 fabG oxidoreductase, short chain dehydrogenase/reductase family 553-554 ACGGCATAACCATCAACGCAG  TCCAACCCGGCAACATCGCC monocistronic
7016 208402 JW375 flgG flagellar basal-body rod protein 33 bp upstream AGCTGACAAACCGTCCCGCG  CGTCTTATCTGAACGATAGA 4 gene flagellar operon; down O2
7017 206663 JW375 nfo endonuclease IV 357-358 GCAGGCCGGGGTACGGGCATC  CTGCGGGCCGCCCGGAACAT monocistronic
7018 209083 JW375 HAMP domain/sigma54 interaction protein 2633-2634 GGGTGATCGTGCAAGACCCGG  TGCGGCGTTGCGCGATGCGG monocistronic
7019 207886 JW375 Sensor histidine kinase regulating C4 dicarboxylate transport 169-170 TCGTCACCGAGGAGGTCTGTT  GCGAGACCTCGCATTTTCGC 2nd gene of 3 in operon; down with O2
7020 209589 JW375 thiF thiamine synthesis protein 20-21 ATGGCCTGCACTGCTGGCGT  CTGGCCCGAACGCTATCTCC monocistronic
3001 208579 JW375 sensory box/GGDEF domain/EAL domain protein 244-245 ATGGTGCTCTCCCAGTTGCGG  CATCAGGCGTGGCACGACCC monocistronic
3003 209489 JW375 livG high-affinity branched-chain amino acid ABC transporter, ATP binding protein 481-482 AGGCCCGCAATCTGCCTTACG  GTGCGCAGCGCAGGCTTGAA gene 4 of 5 in operon

3004 208043 JW375 sensory box histidine kinase; Signal transduction histidine kinase regulating C4-
dicarboxylate transport system 1464-1465 ACGCAGAATCATGGCGGAGAG  ATGTGGGTGGAGTCGCAACC downstream of hba R

3006 207105 JW375 lysA-1 diaminopimelate decarboxylase 1001-1002 CCATGGACGGACAGAACAGAC  CGTCGACGTGGTAGGCCCCA Last gene in an 8 gene operon
3008 208081 JW375 lipoprotein, putative 299-300 GCTGCAACTTCCCGGCTGCAC  CATAGAGACGCGCACCCCCG monocistronic
3009 209189 JW375 ATP-dependent RNA helicase, DEAD/DEAH box family 1115-1116 CTACTGCCAGTCGCGGCGCAT  GACCGAGCTTGTCAGCCTGT monocistronic
3010 208877 JW375 oorD Formate hydrogenlyase subunit 6/NADH:ubiquinone oxidoreductase 23 kD subunit 

(chain I) 216 bp upstream TTACAGCGAACCGCTCCAC A  TTGCGCCTGCGCGCACCGC C 4 gene operon
3011 209265 JW375 sensory box histidine kinase, putative 1395-1396 GCCGTGGTGGACGGAACCGGA  CGCATCACCCACGTGAACGC 1st gene in 2 gene operon 
3012 208671 JW375 sensory box histidine kinase 907-908 CGCTGCTGCGCCTCCCCACG  CTGGACGAGACCGCGCGGGGC monocistronic
3013 207626 JW375 sda L-serine dehydratase, putative 1349-1350 CGCCGTGGGCGCGGTGAAAGC  CTACAACGCCTGCCTTGTGG monocistronic
3014 208693 JW375 Phosphoric diester hydrolases (hypothetical) 493-494 CCCGGTGAATCCTGACGAAC  AGTTGCAGATGCCCGACATGT Down stream of cycA
3015 209317 JW375 nhaC-1 Na+/H+ antiporter NhaC 736-737 CCCCGTGGCCCTCATCCCCC  CTGTGCTGATGATCGTGCTCG 1st gene of 6 in operon
3016 206996 JW375 outer membrane transport protein, OmpP1/FadL/TodX family 629-630 TACGACTGGCTGGCTTTCGG  TGTGGCGTGGCGTAGCGAGAT monocistronic; up O2 Stressed
3017 206993 JW375 hemolysin-type calcium-binding repeat/calx-beta domain protein 4610-4611 CGTCTGCGACGGCAGCGGAGC  CCCTCTGGACAACGTGCCGG monocistronic
3018 208083 JW375 methyl-accepting chemotaxis protein 400-401 CCACCCAGCTTGTGGGCAAGG  TGCTGGACAGTCCCAACTAC monocistronic
3019 208955 JW375 nhaD Na+/H+ antiporter NhaD and related arsenite permeases 204-205 TGGCACCATCACTTCGGCAAG  GTGTCGGCCTTCTGGGCACT monocistronic; down in Nitrite stress
3020 207056 JW375 uvrB excinuclease ABC, B subunit 1535-1536 CCTGCTGCGTGAAGGTCTTGA  TATCCCCGAAGTCTCTCTGG 1st gene of 5

3021 206857 JW375 sensory box/GGDEF domain/EAL domain protein 753-754 CTTGAGGCGGAGGTCAAACGG  TCTACAGGTGAGTTGCGCAC
Middle gene of three in Possible AA trnsport/sensing/outer membrane biosynthesis 
operon?

3023 207618 JW375 nucleic acid-binding protein, putative 502-503 CCTTCGTGGGTGGTCTCGTGG  AGCATATCCTCTCCGTCACC 1st gene in 2 gene operon with thymidylate kinase
3025 207718 JW375 conserved hypothetical protein 18bp downstream GAAGCCATCCCCCGTGGCGG  GCTAGAGGACCTGCACCCGTC monocistronic
3026 207232 JW375 radical SAM domain protein; Biotin synthase and related enzymes 803-804 CGACCCCATCGGCGGGCAACG  TGACGGACTGCGCGCCGGGG 2nd gene of 5; same operon as [Fe] Hydrogenase?
3027 207348 JW375 HDIG domain protein; Predicted membrane-associated HD superfamily hydrolase 2147-2148 GGAGACGGCATCCGTGCAGAC  TACAGAACTCTCCAGACAGA 2nd gene of 3 in operon
3028 208172 JW375 glpA anaerobic glycerol-3-phosphate dehydrogenase, subunit A, truncation 1042-1043 TCATCGGGGGGAAGGCCATGA  CCCTGCGCGCCATGGCGGAG 1st gene of 2 in operon with sdhB  
3029 208397 JW375 cobalt ABC transporter, ATP-binding protein, putative 755-756 CCCGCCCTGCGAGGTGCTCGA  CCATGTGCGCGATTTCGGCA 2nd gene of two in operon with bioY protein gene
3030 208915 JW375 hypothetical protein 179 bp after GCACATGC CCGTCCACAA AG  GGTATGAG GTGGCCCTTA CC 2nd gene of 2 in operon
3031 206615 JW375 hypothetical protein 261-262 GACCCGCCCTACCTGCCGCCG  CCCTATACCCCGCTCATGGA monocistronic; down in Na array
3034 207775 JW375 cooL hydrogenase, CooL subunit, putative 77-78 CGGATCATGTAACGGCTGCGA  CGTGGAGCTTGCCACCACGG 3rd gene of 7;  up O2 stress
3035 208013 JW375 CBS domain protein 164-165 TGACGAGGGGCACCTCAAGGG  AGCGCTCTCCATTTGGGACA monocistronic
3036 207967 JW375 conserved hypothetical protein 440-441 CCGCTTCGGCCGCAAGCCGGA  AGGCATGTGGCTGGCCGAAA monocistronic; up in Nitrite stress
3037 209084 JW375 ppsA phosphoenolpyruvate synthase-related protein 2422-2423 TGCAGGCGCGCTACCTCAAGT  ACCCGCCGGAGGAGATTCGT monocistronic
3039 408334 JW375 hypothetical protein 140-141 CCTGTCGACCACGGTCTTGAT  GAGCGCCTGCCGCGAGATGC 2nd gene of 2 in operon
3040 208634 JW375 prfC peptide chain release factor 3 349-350 TGGTCATCGACGTCGCCAAGG  GGGTCGAGGCACAGACCCGC monocistronic; up in O2 stress
3041 208108 JW375 motB chemotaxis MotB protein, putative 719-720 CCCCGAGGTCATGTCCTACAG  CGTTGTGTATTGAGCCTGCC 3rd gene of three
3042 408365 JW375 DNA internalization-related competence protein ComEC/Rec2 1216-1217 CATGCTCCTTTTCTGGACGG  TGCTGGCCCTTGCCGACAGGC monocistronic
3043 208912 JW375 zraP zinc resistance-associated protein 66 bp downstream GCCTGTAGCGATCAAATAAC  GACAAGAGGCCACCTTCACG monocistronic
3047 206363 JW375 sensor histidine kinase 290-291 CGGTTGCGGCACGGCGGAAGG  ATGCCGCCCGTGCGGGGCGT 1st gene of 4 in operon with a methyl-accepting chemotaxis protein the last
3049 208454 JW375 ErfK/YbiS/YcfS/YnhG family protein 763-764 CGACCGTGCACGACGTTAAGG  TGTTGCAGGGCCCCGGCTAC 4th gene of 5 in operon
3050 209106 JW375 phsA thiosulfate reductase 1820-1821 CAAGACGGCTTCAGGGTCGC  CTTCGGGCGATGCGCCCTGCA first gene of 2 in operon
3051 208498 WT leuB 3-isopropylmalate dehydrogenase 1025-1026 CAGACGCCATCGACGCGGC  GGTACGCCGTGTTCTCGCGG 5th gene of 5 in operon
3052 209130 WT phage portal protein, lambda family 173-174 AGGGGCACGCTGTCCAACTA  TCGGCCGTGGCGGCCCAGCC 2nd gene of 2 in operon
3053 208024 WT transcriptional regulator, putative 49-50 AAATAGTCAAGGCGCAGGCCA  GTGTGCGCACGATGACCGAGG monocistronic

Table 2.  The status of genes to be deleted by Marker Exchange Deletion Mutagenesis.

Distribution of IntegrationsDistribution of IntegrationsProgressProgress
• Generation of  transposon mutants in wild-type D. vulgaris Hildenborough has been accomplished.
• Two high throughput methods of insertion site determination have been developed.
• A manuscript on the transposon libraries in D. vulgaris Hildenborough and Desulfovibrio 

desulfuricans G20 is being written.

• To study the effects the Na+/H+ antiporter mutations have on the growth of D. vulgaris Hildenborough 
under different Na+ concentrations and pH levels.

• To perform Northern analysis on the Na+/H+ antiporter mutants for each of the Na+/H+ antiporter genes.
• To study the effects the Na+/H+ antiporter mutations have on the growth of D. vulgaris Hildenborough 

under different nitrate concentrations.
• To expand the transposon mutant library in wild-type D. vulgaris Hildenborough and D. desulfuricans 

G20.

Future WorkFuture Work

1. Design primers for the three PCR amplicons.
2. Perform the first three PCR reactions.
3. Gel purify products.
4. Combine the three PCR amplicons into the mutagenic cassette using another PCR reaction.
5. Gel purify product.
6. Clone the mutagenic cassette into a vector for transfer to D. vulgaris Hildenborough.
7. Confirm the arrangement and sequence of the cassette by sequencing the plasmid.
8. Transform D. vulgaris Hildenborough with the mutagenic vector using electrotransformation.
9. Screen the transformants with PCR.
10. Perform single-colony isolation of a positive transformant.
11. Perform Southern analysis on a single colony to confirm mutation.

Deletion ProcedureDeletion Procedure

JW# Gene VIMSS# pMO# ORF # DVU # Colonies
PCR 

confirmed Singles
Southern 

Confirmed
Northern 

Confirmed
uptag (forward) 

sequence
downtag (reverse) 

sequence
385 cycA 208692 385 4250 3171 Y Y Y N N TCTTATGAGATGTAGCTCGC TAGTTTCCACTGACTCTACG
380 mnhA 209370 380 5368 0434 Y Y Y Y N CAGGACTGAAGATCGAGTAC ATCTCAGTAACTAAGGACCC
381 nhaD 208955 381 4673 0027 Y Y Y Y N ATCTACTGACAAGACGGACG ACGTCTCTAAATAGTACCCG
382 nhaC-1 209317 382 5281 0381 Y Y Y Y N CGGACGACACCGACATATAG TTCTTGCGAGCGTAGTGACT
383 nhaC-2 208626 383 4140 3108 Y Y Y Y N GCCGACAGAGCTTGAGATAC AGCCTGGAACAGCTATACAC
 - cycK 206086  - 0034 0663 N N N N N AGGTCGCAACAGTGGTACAA AATAGTCGAAACTGCTAGGC

386 ung 209329 386 5299 0393 Y Y Y Y N TCGTCTGCACGGTAGAGTCT CTATTCCTAAGTCTCAGTCG
387 pnp 209440 387 5499 0503 N N N N N CGACCGCCAAGTACGTTAGA CGTAGCTGAGAAGTAAACCC
388 ung G20 392942 388  -  - Y N N N N - -
389 nhaD2 207844  - 2356 2889 N N N N N TAGCAGATATTGGACGTAGC CTGTAGTGACATATAGAGCG
390 rpoH 207035 390 1584 1558 N N N N N ACGATCCTAAAGTACCCAGG GACCGAGACCTAGATCAGAG


